fijiensis) and A. uvarum are reported for the first time from the USA and from the indoor air environment.
INTRODUCTION
Aspergillus section Nigri (Gams et al. 1985) , commonly known as the black aspergilli, contains many common species in the environment (Klich 2009 ), and some have been implicated in human and animal diseases (de Hoog et al. 2000 , Abarca et al. 2004 , Klich 2009 ). They have a worldwide distribution and occur on a large variety of substrates including soil, grains, dairy and forage products, various fruit, vegetables, beans and nuts, cotton textiles and fabrics, and meat products (Raper & Fennell 1965 , Pitt & Hocking 2007 , 2009 . Black aspergilli are used in the fermentation industry to produce various enzymes and organic acids (Raper & Fennell 1965 , Varga et al. 2000 . Some black aspergilli produce ochratoxin A (Abarca et al. 1994 , Wicklow et al. 1996 , Varga et al. 2000 , Cabanes et al. 2002 , Sage et al. 2004 , Samson et al. 2004 .
Although black aspergilli occur in clinical samples, they are much less frequent than A. fumigatus, A. terreus, or A. flavus. Aspergillus species are widely documented as causative pathogens in invasive and non-invasive infections as well as in allergic reactions especially Types III and IV (Richardson 2005) . Indeed, the allergic forms of the disease appear to be "almost exclusively caused by Aspergillus species" (Moss 2002 , Knutsen 2011 . Some strains of black aspergilli are often misidentified as A. niger due to the difficulties of identifying the species in this group (Samson et al. 2007 ). Perrone et al. (2012a, b) recognized two new species of black aspergilli that may be involved in human disease from Sri Lanka: A. brunneoviolaceus (= A. fijiensis) in pulmonary aspergillosis, and A. aculeatinus in human dacryocystitis.
We collected 56 isolates of black uniseriate Aspergillus species from air (52 homes and four outside samples) from 17 states of the USA, Bermuda, Martinique, Trinidad &Tobago, and one from almonds in the Czech Republic. Using molecular data and macro-and micro-morphological observations, we discovered and describe here two new species related to A. aculeatus and A. aculeatinus.
MATERIALS AND METHODS

Fungal isolates
The provenance of fungal isolates examined is detailed in Table 1 .
Culture methods
Observations were made on Czapek yeast extract agar (CYA), CYA with 20 % sucrose (CY20S), malt extract agar (MEA), oatmeal agar (OA), and creatine agar (CREA), (Pitt 1980 , Samson et al. 2004 ) cultures incubated at 25 °C for 7 d in darkness, and CYA cultures incubated at 5 °C, 35 °C and 37 °C for 7 d. The cultures were grown on one plate as a three-point inoculation and on another plate as a single doi:10.5598/imafungus.2012.03.02.08 IMA FUNgUS · vOLUME 3 · NO 2: 159-173
Two novel species of Aspergillus section Nigri from indoor air 
Microscopy
Microscopic examination was performed by gently pressing a ca. 20 × 5 mm piece of transparent tape onto a colony, rinsing the tape with one or two drops of 70 % ethanol and mounting the tape in lactic acid with fuchsin dye. Additional microscopic samples were made by teasing apart a small amount of mycelium in a drop of water containing 0.5 % Tween 20. A Leica DM 2500 microscope with bright field, phase contrast and DIC optics was used to view the slides. A Spot camera with Spot imaging software was mounted on the microscope and used for photomicrography. A Nikon digital SLR camera with a D70 lens was used for colony photography. Photographs were resized and fitted into plates using Microsoft PowerPoint 2010. 
Ochratoxin A (OTA) assay
Sample preparation (extraction and cleanup)
100 ml of liquid culture was homogenized (Waring ® , USA) for 2 min. Two millilitre (ml) aliquots were diluted with 2 ml of acetonitrile/water (50/50, v/v) containing 0.5 % acetic acid, vortex mixed for 30 sec and then filtered through Acrodisc syringe filters with 0.45 µm PTFE membrane (Pall Corporation, http://www.pall.com/main/home.page) before LC/MS analysis.
Standard
Ochratoxin A standard was purchased from Sigma (http://www. sigmaaldrich.com/united-states.html) and stored at -20 °C.
LC/MS equipment and parameters
Analyses were performed on an Agilent 6330 series ion trap LC/MS system (http://www.home.agilent.com/), equipped with an ESI interface and an 1100 series LC system comprising a quaternary pump and an auto-sampler, from Agilent Technologies.
The analytical column was an Allure Bi-Phenyl column 30 mm x 2.1 mm with 5 µm particle sizes (http://www.restek. com/). The column oven was set at 40 °C. The flow rate of the mobile phase was 250 µl min l -1 and the injection volume was 10 µ l -1 . The column effluent was directly transferred into the ESI interface, without splitting.
i m a f U N G U S Eluent A was 95 % water: 5 % acetonitrile, and eluent B was 95 % acetonitrile: 5 % water, both containing 0.5 % acetic acid. Gradient elution was performed starting with 100 % eluent A, the proportion of eluent B was linearly increased to 100 % over a period of 5 min and then kept constant for 5 min. The column was re-equilibrated with 100 % eluent A for 5 min. For LC/MS analyses, the ESI interface was used in positive ion mode, with parameters set at: DRY TEMP 350 °C; NEBULIZER 40 psi, nitrogen, DRY GAS 10 l min -1 , Capillary voltage -3500 V. The mass spectrometer operated in MRM (multiple reaction monitoring) mode, by monitoring three transitions (1 quantifier, 2 qualifiers) for each compound, with a dwell time of 200 ms. Quantification of ochratoxin A was performed by measuring peak areas in the MRM chromatogram, and comparing them with the relevant calibration curve.
Tuning experiments were performed by direct infusion at a flow rate of 0.6 ml h -1 of 1µg l -1 standard solutions in acetonitrile/water (50/50, v/v) containing 0.5 % acetic acid. The infusion was performed by using a model KDS100CE infusion pump (KDS Scientific Holliston, MA).
Interface parameters were: DRY TEMP 350 °C;
NEBULIZER 10 psi nitrogen, DRY GAS 5L/min, Capillary voltage -3500 V, spacer was removed for flow infusion.
Fungal cultures, DNA extraction and DNA sequencing
Monoconidial isolates of each fungal strain were deposited at the ITEM Collection (CNR-ISPA, Bari, Italy) and received an ITEM accession number (Table 1) . Supplemental information about the isolates can be recovered from the ITEM electronic catalogue (http: www.ispa.cnr.it/Collection). For mycelium production, a suspension of spores from each fungal strain was grown in Wickerham's medium (glucose 40 g, peptone 5 g, yeast extract 3 g, malt extract 3 g and distilled water to 1 l). Mycelia were filtered and lyophilized for total DNA isolation. The fungal DNA was extracted with mechanical grinding using 5 mm iron beads in a Mixer Mill MM 400 (http://www.retsch.com/), and a "Wizard ® Magnetic DNA Purification System for Food" kit (Promega, http://www.promega.com/), starting from 10 mg of lyophilized mycelium. The quality of genomic DNA was determined by electrophoresis and it was quantified using a ND-1000 (Nano Drop) spectrophotometer. Beta-tubulin (BenA, ca. 400 nt) was amplified using BT2a and BT2b primers and PCR conditions described by Glass & Donaldson (1995) , calmodulin (CaM, ca. 650 nt) was amplified using CL1 and CL2A primers (O'Donnell et al. 2000) , translation elongation factor-1 alpha (TEF-1α, ca. 700 nt) was amplified using A-EF_F/A-EF_R primers (Perrone et al. 2011) and RNA polymerase II (RPB2, ca. 950 nt) was amplified using primers 5F and 7CR (Liu et al. 1999) . After amplification, the products were purified with the enzymatic mixture EXO/SAP (Exonuclease I, Escherichia coli / Shrimp Alkaline Phosphatase; Fermentas International, http://www. fermentas.com/en/home).
Bidirectional sequencing was performed for all loci and isolates. Sequence reactions were performed with the Big Dye Terminator Cycle Sequencing Ready Reaction Kit for both strands, purified by gel filtration through Sephadex G-50 (Amersham Pharmacia Biotech) and analyzed on the "ABI PRISM 3730 Genetic Analyzer" (Applied Biosystems, http:// www.appliedbiosystems.com/absite/us/en/home.html).
The preliminary alignments of sequences from each of the four loci was performed using the software package BioNumerics 5.1 from Applied Maths (http://www.appliedmaths.com/bionumerics/bionumerics.htm) with manual adjustments where judged necessary.
Sequence Data Analysis
DNA sequences were aligned using the Clustal W algorithm (Thompson et al. 1994) in MEGA version 5 (Tamura et al. 2011) . Sequences were deposited in GenBank (Tables 2 &  3) . Each locus was aligned separately and then concatenated in a super-gene alignment used to generate the phylogenetic tree. Phylogenetic analysis was performed in MEGA5 using both Neighbor-Joining (NJ) (Saitou & Nei 1987) and Maximum Likelihood (ML) methods and the Tamura-Nei model (Tamura & Nei 1993) . Evolutionary distances for NJ were computed using the Tamura-Nei method of the package and are in units of number of base substitutions per site. All positions containing gaps and missing data were eliminated from the dataset (Complete deletion option). Bootstrap values (Felsenstein 1985 (Felsenstein , 1995 were calculated from 1000 replications of the bootstrap procedure using programs within MEGA5.
The evolutionary history was inferred by using the Maximum Likelihood method based on the Tamura-Nei model implemented in MEGA5. The percentage of trees in which the associated taxa clustered together is shown next to the branches. Initial tree(s) for the heuristic search were obtained automatically as follows. When the number of common sites was < 100 or less than one fourth of the total number of sites, the maximum parsimony method was 
Aspergillus uvarum ITEM 14833 HE984436
* The sequences were deposited only for the strains that differ in their sequences from the sequence of the type strain for a specific locus/gene. used; otherwise the BIONJ method with MCL distance matrix was used. A discrete Gamma distribution was used to model evolutionary rate differences among sites (five categories; +G, parameter = 0.2036). All positions containing gaps and missing data were eliminated. There were 2329 positions in the final dataset. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site.
A Markov Chain Monte Carlo (MCMC) algorithm was used to generate phylogenetic trees with Bayesian probabilities using MrBayes v3. 2 (Huelsenbeck & Ronquist 2001 , Ronquist & Huelsenbeck 2003 for the combined sequences datasets. The analysis was run in duplicate with four MCMC chains and setting random trees for 10 7 generations sampled every 100 generations. A total of 15 738 trees were read in the two runs, 7869 for each, and the first 1967 trees (25 %) were discarded in each run as the burn-in phase of the analysis and posterior probabilities were determined from the remaining trees (5902 in each run).
Maximum Parsimony analysis (MP) was performed for all data sets using the heuristic search option and CloseNeighbor-Interchange algorithm (with search level 1 in which the initial trees were obtained with the random addition of sequences). To assess the robustness of the topology, 1000 bootstrap replicates were run. The tree is drawn to scale, with branch lengths calculated using the average pathway method and are in units of the number of changes over the whole sequence (Nei & Kumar 2000) . The analysis involved data from 86 isolates and all positions containing gaps and missing data were eliminated. There were a total of 2329 positions in the final dataset. Evolutionary analyses were conducted in MEGA5 (Tamura et al. 2011) .
RESULTS
Phylogenic analysis of sequence data
The multilocus analysis was performed on 56 isolates collected from air (52 homes and 4 outside samples) from 17 states of the United States, Bermuda, Martinique, Trinidad and Tobago, and one isolated from almonds in the Czech Republic (Table  1) , along with 28 reference and ex-type strains from Aspergillus section Nigri (Table 4 ). The ex-type strain of Aspergillus flavus (ITEM 7526) was used as outgroup. The percentage of variable sites and parsimony informative sites for each locus differ, the benA sequences have the highest percentage of variable and parsimony informative sites, the CaM sequences have the highest nucleotide diversity, TEF sequences have the lowest variability and RPB2 has lower sequence diversity than CaM and benA but the highest number of informative sites (Table 5) . After a preliminary analysis using MEGA5 Neighbour-Joining, the best substitution model among the evolutionary models in MEGA5 was calculated. The best model was Tamura-Nei with Gamma distribution (TN93 + G). Evolutionary history was inferred using the Neighbor-Joining method. The tree with the highest log likelihood is shown (Fig 1) . Bootstrap proportions are shown next to the branches. The tree is drawn to scale, with branch lengths reflecting evolutionary distance computed using the Maximum Composite Likelihood method as number of base substitutions per site (MEGA5). The rate variation among sites was modeled with a gamma distribution (shape parameter = 0.3). Phylogenetic analysis was conducted first on the four single locus alignments and subsequently the combined alignment of the four loci. The single locus and four locus combined data trees contained the same topology fulfilling the requirements of genealogical concordance phylogenetic species recognition (GCPSR, Taylor et al. 2000) .
Of (Fig.  2) . The consistency index is (0.491302), the retention A. violaceofuscus, A. brunneoviolaceus and A. uvarum are the principal black aspergilli "uniseriate" species collected in these indoor air samples with the identification of two possible new species (ITEM 14821 and 14783). The topology of MP, Bayesian phylogenetic trees is concordant, and the two trees are represented together in Fig. 2 . The phylogenetic tree obtained by ML analysis has also the same topology of the other two phylogenetic analyses with some minor exception regarding the clades of A. ellipticus and A. heteromorphus (Fig. 1) . All three phylogenetic analyses performed give evidence with high bootstrap that the two new species belong to different monophyletic groups (Figs 1-2), and that the atypical strain (ITEM 15297) belongs to the A. brunneoviolaceus clade, and that ITEM 4760 needs further characterization as belonging alone in a clade close to the new species A. floridensis but with no high supported bootstrap (Figs 1-2) .
TAXONOMY Previously described species
Aspergillus brunneoviolaceus Batista & Maia, Anais Soc. Biol. Pernambuco 13: 91 (1955) . Synonym: Aspergillus fijiensis Varga et al., Stud. Mycol. 69: 9 (2011) . (Fig. 3a-f Description: Colony diameters after 7 d incubation at 25 °C on CYA (Fig. 3a) > 85 mm (50-75 mm 5 d), MEA (Fig. 3b ) CREA (Fig. 3c ) displayed poor sporulation but commonly good to very good acid production, conidial heads on CYA brown to dark brown near black, commonly abundant, velutinous to slightly floccose, white to buff mycelium, commonly moderate radial sulcation, exudate clear to brown, sparse to abundant, soluble pigment not seen, occasionally present and brown at 37 °C, if present sclerotia subglobose to elongate 250-800 µm long, buff to orange-brown, reverse buff to yellow. On MEA conidial heads are brown, sclerotia absent, mycelium white, reverse uncolored to yellowish-gray. Incubation for 7 d on CYA at 5 °C produced no growth or germination of conidia. Incubation for 7 d on CYA at 35 °C and 37 °C produced growth of 35-63 mm, and (12-)17-26 mm diam, respectively. Stipes (Fig. 3d-e ) smooth or with a limited surface granulation just below the vesicle, hyaline or pigmented just below the vesicle, (75-)200-800(-1600) × (8-)10-15(-21) µm, isolate ITEM 7037 has longer stipes (400-)800-2000 (-3400) × (8-)10-15(-18) µm than other A. brunneoviolaceus isolates, vesicles globose to elipsoidal, (30-)35-70(-90) µm diam, conidial heads uniseriate, phialides (6-)7-9(-10) × 3.5-4.5(-5) µm covering entire vesicle, conidia (Fig. 3e) globose to ellipsoidal, 3.5-4.5(-6) × 3.5-4.5(-5) µm, occasionally subglobose to angular 2.5-3.5 µm, brown near black, with coarsely roughened to echinulate surface.
Aspergillus uvarum G. Perrone et al., Int. J. Syst. Evol.Microbiol. 58: 1036 . MycoBank MB510962. (Fig. 4a-f) . (Fig. 4c) 60-70 mm, CREA produced good growth, acid production ranged from good to very poor to none depending on the isolates, conidial heads on CYA brown to dark brown near black, sporulating abundantly, granular, mycelium white to buff, moderate to deep radial sulcation, exudate clear to brown, soluble pigments when present pale-yellow, brown at 35 °C, at 37 °C rarely present, brown, sclerotia when present abundant in the center of the colony, globose to elongate, buff to brown, reverse wrinkled, white to dull brown occasionally pink-orange. On MEA conidial heads are brown to dark brown, sporulating abundantly, mycelium white and commonly inconspicuous, reverse yellowishgrayish-green. Incubation for 7 d on CYA at 5 °C produced no growth or germination of conidia. Incubation for 7 d on CYA at 35 °C and 37 °C produced growth of 18-27(-46) mm, and (germinate)3-15(-21) mm diam, respectively.
Stipes (Fig. 4d-e ) smooth, hyaline, becoming brown with age (250-)600-1800(-3600) × (8-)10-18(-24) µm, vesicles globose to ellipsoidal, (30-)45-100(-121) µm diam, conidial heads uniseriate, phialides 7-10(-12) × (3-)3.5-4.5(-7) µm covering entire vesicle, conidia (Fig. 4f ) globose to ellipsoidal, (4-)4.5-7(-9) × 3.5-7 µm, with echinulate surface.
New species
Aspergillus floridensis Ž. Jurjević, G. Perrone & S. W. Peterson, sp. nov. MycoBank MB802363. (Fig. 5a-g Description: Colony diameters after 7 d incubation at 25 °C on CYA (Fig. 5a ) 80-85 (> 85) mm, MEA (Fig. 5c ) 50-55 (> 85) mm, CY20S 32-53 mm, OA 55-60 mm, CREA (Fig. 5d ) displayed poor sporulation but good acid production, conidial heads on CYA dark brown to black, abundantly produced, globose to subglobose at first and later radiate, developing into columns, mycelium white to buff-yellow, velutinous, moderate radial sulcation, exudate clear to brown, sparse to abundant, soluble pigment not seen, occasionally producing buff-yellowish sclerotia (Fig. 5b) subglobose to elongate (200-)400-700(-1100) µm long, reverse brownish-yellow to yellow-brown. On MEA conidial heads are brown, sclerotia absent, mycelium (Fig. 5e-f ) globose to subglobose occasionally ellipsoidal (14-)35-65(-105) µm diam, conidial heads uniseriate, phialides (6-)7-9(-11) × 3.5-4.5(-5) µm covering entire vesicle, conidia (Fig. 5g) Diagnosis: Stipes uniseriate, mycelium white to orangishyellow on CYA, vesicles globose to subglobose occasionally ellipsoidal (10-)30-70(-100) µm diam, conidia large 4-7(-8) × 3.5-7 µm, if borne from monophialides up to 13 × 10 µm, with finely spiny to echinulate surface, and range from no growth to 7 mm diam growth at 37 °C.
Description: Colony diameters after 7 d incubation at 25 °C on CYA (Fig. 6a) 65-78 mm, MEA (Fig. 6b) 57 to > 85 mm, CY20S 50-55 mm, OA 55-60 mm, CREA (Fig. 6c) showed poor sporulation and no acid production, conidial heads on CYA brown to dark brown, globose to subglobose initially, later radiate, then developing into columns, sporulating well, mycelium white to yellowish creamy or orangishyellow toward the center of the colony, white at margins, floccose, moderate to deep radial sulcation, exudate clear to brownish, soluble pigments and sclerotia not seen, occasionally globose to elongate chlamydospores present, reverse brown to brownish-yellow. On MEA conidial heads brown to dark brown, sporulating well centrally, mycelium white to buff-yellowish-orange, reverse buff. Incubation Smooth stipes, globose to ellipsoidal vesicle, and conidia. g. Globose to ellipsoidal, conidia, with echinulate surface. Bars = 10 µm.
v o l u m e 3 · n o . 2 produced growth 4-21 mm and from no growth to 7 mm diam, respectively.
Stipes (Fig. 6d-e ) smooth or occasionally with a limited surface granulation just below the vesicle, hyaline or occasionally pigmented just below the vesicle, long if from substrate, short with small vesicles if borne from aerial hyphae (50-)150-800(-1800) × (5-)8-14(18) µm, vesicles globose to subglobose occasionally ellipsoidal (10-)30-70(-100) µm diam, conidial heads uniseriate, phialides (5-)7-9(-12) × (3-)3.5-4.5(-6) µm commonly covering entire vesicle, occasionally producing monophialides (Fig. 6g) 3-42 × 3.5-8 µm, conidia (Fig. 6f) globose to ellipsoidal, rarely pyriform, 4-7(-8) × 3.5-7 µm, if borne from monophialides up to 13 × 10 µm, with finely spiny to echinulate surface. No ochratoxin A produced. (Nielsen et al. 2009 ). Nine isolates (ITEM 14800, 14803, 14805, 14810, 14827, 14828, 14830, 14834, and14837) of the 30 A. violaceofuscus isolates produced sclerotia on CYA or OA, buff to yellowish-orange or orange-brown, subspherical to elongate, 300-1000 µm long. Also, three isolates (ITEM 14794, ITEM 14799, and ITEM 14802) of A. brunneoviolaceus produced abundant buff to orange-brown sclerotia, 250-800 µm long. None of the three sclerotium producing A. brunneoviolaceus isolates produced ochratoxin A. Aspergillus brunneoviolaceus isolates commonly have good to very good acid production. However, two isolates ITEM 14806 and ITEM 14831, did not show acid reactions on CREA agar, nor were they sulcate on CYA. Aspergillus brunneoviolaceus (syn. A. fijiensis) was previously isolated from soil, Fiji (CBS 313.89), Lactuca sativa, Indonesia (CBS 119.49) , guano, Peru (IHEM 18675), corneal scraping keratitis, India (IHEM 22812), droppings of Coenobita sp., Bahamas (IHEM 4062) (Hendricks at al. 2011) , and industrial material, China (CCF 108) (Hubka & Kolarik 2012) . This is the first report of A. g. Monophialides and conidia. Bars = 10 µm.
DISCUSSION
